information hindering the job of the teacher in monitoring the students' progress. It is in this context that the Collective Text Editor (CTE) is used.
The management of data on the part of the teacher requires precious time which could otherwise be spent on pedagogical interventions in the collective process with a view to advancing and improving students' work. Thus, the implementation of the Concepts Network in the CTE seeks to support the analysis and management of data in a shorter period of time than was previously demanded. In order to achieve this aim, Text Mining resources were employed as a means of offering conditions to meet the needs identified in this study.
TEXT MINING
According to Feldman and Sanger (2007) , text mining can be defined as an intensive process in which a user interacts with a large quantity of documents using tools to analyze them. The objective of the process is to extract useful information from collections of documents. The useful information is identified in interesting patterns in data taken from unstructured texts.
The systems of text mining are based on preprocessing routines, algorithms to discover the patterns and elements to present the results. In these systems, the preprocessing operations are based on the identification and extraction of representative characteristics from documents in natural language. These operations are responsible for transforming unstructured data, stored in collections of documents, into a structure expressed in an intermediate format (FELDMAN, SANGER, 2007; HEARST, 1999; TAN, 1999) .
Text mining exploits techniques and methods taken from areas such as the recuperation of information, the extraction of information and computational corpus linguistics. In order to extract useful information, relevant characteristics are found in documents, the most used being characters, words, terms and concepts. Hybrid approaches can be performed to generate representations of documents based on characteristics (FELDMAN, SANGER, 2007) . For example, it is possible to extract the terms from documents, then adapt or normalize them, comparing them to a list of relevant topics (concepts) extracted via a categorization.
Technology employed in text mining includes: information extraction, topic tracking, summary creation, text categorization, text grouping, concept linking, information visualization and question and answer analyses (FAN et al, 2006) . number of times that a specific term appears in the text, or may indicate the importance of a word being considered. This could be the quantity of documents in which the term appears for instance. However, this technique discards useful information, such as the order in which the terms appear, where they appear and the proximity among them (SCHENKER, 2003) .
Graphs are important mathematical constructions in representing the modeling of relations and structural information. Graphs are used in many kinds of problems including: ordination, compression, traffic analysis and resource allocation, etc. As graphs retain more information than vectors of simple atomic characteristics, they represent precious modeling and can be used in the representation of texts (SCHENKER, 2003) The technique of text mining using graphs highlights words with the greatest incidence in a text and identifies whether they are related. The graph obtained by mining presents the words which occur most in the form of knots. The associations between the knots of the graph indicate the proximity between the words.
This software, Sobek (LORENZATTI, 2007) allows the construction of a graph using the statistical information obtained from a text, where vertices and edges present information related to the absolute and relative occurrences of terms (vertices) and associations (edges) in a specific document. The graph obtained from the document represents a concepts network of words generated from the text.
The first step of processing in the Sobek software involves lexical analysis, where the text is dismantled word by word. The words are subsequently submitted for statistical analysis. At this point, a base of concepts is created using the statistical data. Concepts may be composed of one or more words. The next step consists of removing words which do not add meaning to the text such as: articles, conjugations of certain verbs and pronouns.
After removing the words and completing the statistical analysis, a graph is created.
At this stage, parameters such as absolute frequency and the size of the concept (if simple or compound) are analyzed. The Sobek interface allows the selection of the size of the graph desired, the options being small, medium, large and very large. The size of the graphs corresponds to the configuration profiles, as these graphs contain the parameters used in the text mining. These parameters determine the minimum number of occurrences that a term must present in order to be integrated into the graph. It is worth noting that in Sobek, the vertices of the graph can have more than one word. In this way, a rule was developed to select the concepts and, consequently, the vertices.
At the moment of selection, the similarities between the concepts are evaluated as well as the size of them (number of words) and the absolute frequency. For this reason, the calculation is worked out between similar concepts (composed of the same word), prioritizing the biggest, which express more comprehensive ideas (LORENZATTI, 2007) . One should note that
Sobek was used in this study as the basis for the development of the Concepts Network.
CONCEPTS NETWORK
The Concepts Networka tool developed based on text mining technologyaims to extract and interlink the main terms present in a text. The intention is for the result obtained to be sufficient to allow the user to have an idea of the theme and the developments in production, without a prior reading of the text.
The Network was implemented using Sobek software, presented in the previous section, and was integrated with the CTE, allowing the developed texts to be easily mined. Its application is recommended for all those who wish to use the Editor and want to visualize and understand the perspective of a text, without necessarily having to read it first in its entirety.
TABLE 1 -Excerpts from Texts
Companies need employees who can work in teams, using creativity, flexibility and cooperation in search of common goals. We focus, in the first item, on the differences between groups and teams and how to succeed by working together, respecting the individuality of each group member.
In today's world where information is produced and consumed in a virtual form, in large quantities and with global coverage, the intense use of resources that bring people together, disseminate ideas and save time and energy are fundamental. New
Information and Communication Technology (ICT), management tools and new concepts of collaborative work -in real or virtual teams, have already become a reality in this new century.
In the new digital era, the increasingly widespread usage of Information and Communication Technology (ICT) has meant that asynchronous production of group work, that is work realized in different times and places, can be carried out more quickly and with more objectivity. Flexibility now exists in the production of collaborative texts without compromising involvement, interaction and creativity. This flexibility and speed provides a foundation in the search for greater competitiveness.
Source: Macedo, 2010, p. 115 .
The extracts of the text allow us to understand the context surrounding the written production and refer to the idea of the terms initially highlighted as indicators of the central thematic axis.
It should be emphasized that the analysis in full, both of the Concepts Network and of the text, provides better tools for analysis and conclusions. In this study, for the purpose of organization and objectivity, the fragments sought were those indicative of the possibilities found from the reading and general interpretation of the collected elements.
In addition to identifying or not the theme, it was noted that the structure of the Network is directly related to the quality of the produced text. That is, the Networks "expose" texts in need of further theoretical deepening or with a juxtaposition of paragraphs. An example of the need for improvement can be seen in the Network shown in Figure 2 . Macedo, 2010, p. 122 .
In this Concepts Network, it is possible to note the incidence of several loose terms.
Loose terms are those not related to any other in the Network and which alone do not allow the context in which the term was used to be understood. Furthermore, the incidence of several small groups of terms was identified. In this case, it is clear that the identification of both the central theme and its possible developments have been compromised. The isolated concepts are rather vague indicators because they don´t allow one to know the context of the text. A reading of the original text was carried out following the analysis of the Network in question.
Here it was verified that the innumerable concepts that are loose in the Network do in fact reveal a text that can also be considered ´loose´ in essence. The text can be considered loose as it cites several different topics but doesn´t deal with any with real ownership, nor does it relate the topics in the writing. It is a text that is in need of improvement in relation to coherence and cohesion. It is a text in need of enhancement. On the other hand, the analysis of the Networks also covered those Networks which presented an incidence of interconnected terms, as represented in Figure 3 .
FIGURE 3 -Concepts Network text 5 -Virtual Learning Workshops
Source: Macedo, 2010, p. 133 .
In this case, it is noteworthy that sets of inter-related concepts are prevalent, in contrast to the incidence of isolated terms in the previous example. The interpretation of the Concepts Network in this situation indicates a text that deals with collective distance writing. It is significant that, in general, the concepts complement each other, forming a thematic unit. For instance: text editor, learning environments, blog, chat, division of labor, cooperation and collaboration, complexity of the interactive system, discussion, contributions, authorship and challenges, are some of the concepts which, while not being entirely interconnected by edges, complement each other in the indication of the central theme of the text produced.
Following the completion of the analysis of the Concepts Network, our attention turned to the reading of the text, at which stage it was noted that the terms which appeared in the Concepts Network also appeared in the text. The first section of the text dealt with the conceptualization of the terms CSCW, CSCL, cooperation and collaboration; together with the term interaction in the context of learning and hypertext. Next the concept of computational collective writing was introduced and was followed by a focus on the use of Significantly, this text differs from the text in the previous example in terms of structure.
Here, the flow of the text presents linking, sound development, a logical approach and good argument.
Based on the application and analysis of the Network, generated from the texts produced in the CTE, it is clear that the Network was sufficiently effective in presenting the theme discussed in the text written on the given theme, since the aim was to understand what the text deals with, without a pre-reading before generating the Network. Moreover, it can be said that the Concepts Network provides indicators which relate to the text, allowing the teacher to focus on the needs and potential of the students, without having to read the text produced by the student. This was the principal motivation behind this study. Azevedo et al (2009 Azevedo et al ( , 2010 present another experience in which the Concepts Network has been applied. Azevedo et al (2009 Azevedo et al ( , 2010 proposed the use of the Network to mine discussion forums in virtual learning environments. The objective was to identify whether the discussions in the forum were relevant and if there was connection or integration among the concepts related to the subject of debate.
THE APPLICATION OF THE CONCEPTS NETWORK IN DISCUSSION FORUMS
In any one discussion forum there can be hundreds of contributions, depending on the proposed theme, the profile of the participants and the interest in the subject. Some written texts are relevant to the theme, and others are not. Significant contributions address important concepts related to the subject under discussion.
Considerable time is needed for the teacher to be able to monitor carefully all contributions made by students in a discussion forum. Thus, it is important to provide a way of visualizing the relevant contributions recorded in the forum, so as to assist the teacher in interventions
with the students involved.
The use of the Concepts Network to analyze discussion forums is currently under development; therefore, this article presents the results of a pilot study. The same principle of extraction, employed in the Concept Networks, was used in mining the forum texts. Thus, a manual study of the networks generated was carried out so as to analyze which contributions were relevant to the proposed theme. In order to make this activity viable, the thematic relevance coefficient -TRC (Azevedo et al, 2009 ) -of a written contribution was defined. The objective of the TRC is to determine how relevant a written contribution is to a particular topic of discussion. The relevance coefficient indicates the degree of relevance of the written contribution according to the theme of the forum and is calculated with the use of the following formula: i) an analysis of the number of relevant contributions made by each student in the forum using the generated Networks. A minimum value of 1 was defined as the thematic relevance coefficient (TRC) to be considered in the analysis. The thematic relevance coefficient was calculated using the Concepts Network generated from each written contribution. An example of the calculation of the TRC can be seen in the message below, extracted from the forum and originally posted by student C.
Message: I believe that the VLCs can provide a valuable resource for education, as they provide a collective knowledge construction mechanism, through discussions between community members.
The network generated from the above message can be seen in Figure 4 . For the above Network, the TRC is calculated as follows:
An analysis of the amount of relevant contributions provided by each student in the forum was carried out, the results being presented in the graph in Figure 5 . By using the proposed methodology, it was noted that in Figure 6 , it was possible to verify that most of the contributions made by students were relevant to the topic under discussion. This study considers relevant contributions as being those which cite concepts related to the topic of discussion and whose TRC is higher than the minimum established by the teacher.
At the time that the experiments were performed, a qualitative analysis of the messages posted in the forums was guided by the calculation of the TRC of each message. Software for text mining is currently being developed to automatically analyze messages in discussion forums. This software enhances the formula of the TRC to also consider the weight of each concept. In the experiments presented in this article, the calculation of the contribution of the TRC of each textual contribution was performed manually. In the software that is under development, the calculation is performed automatically by the software.
The second and third experiments were conducted in a discussion forum of the ROODA Environment, in the Integrator Seminar VII discipline -B in an undergraduate class of Education, which occurred in the second semester of 2009. The theme of the forum was
Learning with others. The class was divided into two groups and each group contributed to a In these forums, the teacher defined the following concepts as important : learn, learning, knowledge, knowledge construction, Piaget, affection, affectivity, cognitive structures, decentralization, affective relationships, affective experiences, affective bonding, cooperation and collaboration. Meanwhile, the relevant associations between these concepts were also established.
A minimum value of 1 was defined as the thematic relevance coefficient (TRC) to be considered in the analysis. The thematic relevance coefficient was calculated using the Concepts Network generated from each written contribution. An analysis was carried out of the amount of relevant contributions provided by each student in the first and second groups.
The results are shown in Figures 6 and 7 , respectively. process, facilitating interaction between those students who produced the most number of relevant texts and the students who wrote few.
FINAL CONSIDERATION
With regards to the application of text mining resources in collective text production, it is significant that the Concepts Network provides information about the theme of the textual production and qualitative indicators of production. The qualitative indicators differentiate texts requiring improvement from those which were developed with clarity and objectivity. These situations can be identified through the Network, without a prior reading of the original text. Under these conditions, the time that was once devoted to reading this material can now be spent on intervention with students using various teaching practices, with the aim of enhancing the learning process and the written production itself.
In relation to the discussions performed in discussion forums, it was observed that the Concepts Network can be used in the creation of indicators of the relevant posts of a forum, thus establishing links to the texts developed by the students and, in turn, verifying the relevance and the development and construction process of each production. Significantly all this can be done in a shorter time than is currently demanded because of the resources made available by the technique of text mining.
It is important to note that the Concepts Network is being improved to be adapted to different Virtual Learning Environments and even to work with a variety of formats of text editors and discussion forums. Another interesting step which is in the process of analysis is the implementation of the Concepts Network as an API that can be adapted to VLEs with various technologies such as PHP and Python.
